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October 2018 | Volume 6 | Issue 10 | Page 428 gested by ACR through oral (Yousef and El-Demerdash, 2006) . Nitric oxide is a chemical mediator that is an integral part in the maintenance of physiological homeostasis due to its regulatory and protective functions. The NO is produced by numerous cells that include the immune system, which show the systemic action on different organs, tissues and tumor cells (Moncada ad Higgs, 1995; Singh and Gupta, 2011) .
Glutathione (GSH) is a tri-peptide (γ-Gln-Cys-Gly) that serves as a major antioxidant, but ACR causethe depletion of GSH hence redox imbalance occurs. Generally, consumption of the GSH occurs at high level with the reactions of hydrogen peroxide (Zhu et al., 2008; Kopanska et al., 2015) and conjugation with ACR and glycidamide (ACR metabolite) that reaction catalysed by glutathione S-transferase (GST) (Paulsson et al., 2005) . The reduced glutathione play key role in neutralization of free radicals by donating their electrons (Lobo et al., 2010) . GSH is abundant in cells of all organs and play major role in protection of the cell from oxidative stress (Gawryluk et al., 2011) , it is recycled from oxidized state (GSSG) to reduced state (GSH) (antioxidant form) by Glutathione reductase (GR) and it is up-regulated in oxidative stress (Gawryluk et al., 2011; Schuliga et al., 2002) .
Five selenium-dependent Glutathione peroxidase (GPx) isoforms are abundant mammalians, but non-selenium GPx contains selenocysteine (Brigelius-flohe and Maiorino, 2013 ). GPx present in both cytosol and mitochondria and isoenzymes of GPxfamily catalyze the reduction of H 2 O 2 and lipid peroxides by using GSH (Lin and Beal, 2006; Gandhi and Abramov, 2012; Dasuri et al., 2013) . Glutathione S-transferases (GSTs) [EC 2.5.1.18 ] are wide ly distributed in both prokaryotes and eukaryotes and they belongs to phase II detoxification enzymes in eukaryotes (Hayes et al., 2005) , they protect cellular macromolecules from reactive oxygen species (ROS), environmental carcinogens and chemotherapeutic drugs , they catalyse the nucleophilic addition of GSH to electrophilic center of numerous toxic chemical agents (xenobiotics) and carcinogenic metabolites which generated by phase I enzymes (Senhaji et al., 2015; Nebert and Vasiliou, 2004; Hayes and Strange, 2000) . GST exhibit the multiple biological functions like xenobiotic detoxification, removal of oxidative stress products, transport of protein, modulation of cell proliferation and induction of the apoptosis signalling pathway (Laborde, 2010) . Detoxification by GST is beneficial to the cells because it regenerates stress free environment in the cell (Dasari et al., 2018a) .
The cytotoxicity occurs because of the damaged mitochondria in the tubules, hence the tubular transport system is disturbed and the increased oxidative stress by free radical generation (Markowitz and Perazella, 2005) , and excretion of the toxic chemicals and drugs does not take place smoothly in nephrotoxicity (Finn and Porter, 2003) . The decrease of total protein is an index of serious damage of cellular function in chronic liver diseases as well as severe alterations of the liver tissue (El-Bohi et al., 2011; Yousef and El-Demerdash, 2006 ). The present study was aimed to investigate the liver and kidney biomarkers and their tissue degenerative changes in ACR ingested wistar rats.
MAtErIALS And MEtHOdS

CheMiCalS
Acrylamide (ACR) (98% purity), thiobarbituric acid (TBA), glutathione (GSH), 5, 5'-dithiobis (2-nitrobenzoic acid) (DNTB), n-butanol, pyridine and nicotinamide adenine dinucleotide phosphate (reduced) tetrasodium salt (NADPH) were purchased from HiMedia laboratories Pvt. Ltd. Mumbai, India. Griess reagent was obtained from SRL, Mubai, India. All other chemicals (analytical grade) were purchased from standard chemical company (India).
MaintenanCe of ratS
Twelve male Wistar rats weighing about 200 grams were selected for experimentation and they were allowed to acclimatization for about one week. Throughout the experimental period they were housed plastic cages under standard laboratory conditions that includes 12:12 light/dark photoperiod at 23 ± 2 ºC. Experimental rats were fed with ad libitum and tap water throughout the study.
aCrylaMiDe (aCr) aDMiniStration
Selected rats were divided as control and treated groups and each group have six animals (n=6). ACR has administered in drinking water i.e. 50 mg ACR in 300 ml waterfor 24 hours and only 300 ml of water has given in the following 24 hours. In that way as showed in Figure 1 , ACR has administered in alternative days up to 27 days (14 doses). Each animal has drunk 30-40 ml that means 5-6.65 mg per day. Only water (vehicle) has given to control group. 
DeterMination of protein
Protein content has measured by the method of Lowry et al. (1951) in both control and ACR treated liver and kidney samples.
thiobarbituriC aCiD (tba) teSt for lipiD peroxiDation
According to Ohkawa et al (1979) that lipid peroxidation levels were estimated in ACR administered rat liver and kidney. Briefly, 10% liver and kidney tissue homogenate was prepared with 1.15% KCl and 0.2 ml 8.1% SDS and 0.1 ml 0.8% TBA were added to 0.1 ml homogenate. Made up them to 4 ml with distilled water and those tubes were incubated for 1 hour at 95 о C and allowed them to cool. Distilled water 1 ml and n-butanol-pyridine mixture (15:1 v/v) 5 ml were added to cooled tubes and those contents were mixed thoroughly. Those tubes were centrifuged at 4000 rpm for 10 minutes at room temperature and finally organic layer was measured by spectrophotometer at 532 nm and the results were expressed as nmol MDA/h/g tissue. The TBA activity is depending on the lipid content in the sample.
eStiMation of nitriC oxiDe (no)
Usually, in the aqueous solution that nitric oxide (NO) is rapidly degraded as nitrate and nitrite. The total nitrite was estimated by spectrophotometer at 540 nm by using Griess reagent according to Jablonska et al. (2007) in ACR administered rat liver and kidney. In the presence of cadmium the nitrate in the sample was reduced to nitrite and finally converted as nitric acid that has given color reaction with Griess reagent; NO products were expressed in μ moles.
DeterMination ofGSh
According to Kurtel et al. (1992) the GSH levels were determined in ACR administered rat liver and kidney. In this method, 0.5 ml of brain homogenate added to 1 ml of 100 mM Tris HCl (pH 8.2) buffer that containing 1% SDS and 2 mM EDTA and then this mixture was incubated at 25 о C for 15 minutes. It was centrifuged to remove precipitate and 2.5 ml of 0.3 mM5, 5'-dithiobis (2-nitrobenzoic acid) (DNTB) was added and the reaction mixture was incubated at 37 о C for 15 minutes. Finally, the absorbance was measured at 412 nm by using spectrophotometer. GSH levels were calculated with 13,000 M -1 cm -1 as molar extinction coefficient and the results were expressed as μmol/g tissue.
Gpx aCtivity aSSay
According to Wendel (1981) , glutathione peroxidase (GPx) activity assay was done in ACR administered rat liver and kidney. Assay buffer: 0.25 mM phosphate buffer (pH 7.0) containing 2.5 mM EDTA and 2.5 mM sodium azide (NaN 3 ). The reaction mixture contains, assay buffer 1.8 ml, 100 μl GR, 100 μl GSH, 100 μl NADPH and 250 μg of enzyme source (20% homogenate of liver and kidney). The reaction was initiated by the addition of 100 μl CHP/H 2 O 2 and linear decrease in NADPH absorption at 340 nm was measured for 3 minutes; a blank was maintained without enzyme source. GPx activity was expressed in terms of nano moles of NADPH is oxidised/min/mg protein at room temperature and GPx activity was calculated using molar extinction coefficient i.e. 6.32×103 cm-1.
GSt aCtivity aSSay
Rat liver and kidney sample GST activity assay was done by the method of Habig et al. (1974) . The reaction mixture consists of 1 ml of 0.3 M phosphate buffer (pH 6.5), 30 mM CDNB 100 μl, 30 mM GSH 100 μl and enzyme source 100 μl (20% homogenate of liver and kidney). This reaction mixture was made up to 3 ml with distilled water. An increase in absorbance was measured at 340 nm by using spectrophotometer. One unit of GST activity was defined either as formation one μ mole of 2,4 dinitrophenol-glutathione conjugate per minute or one μ mole of substrate consumed per minute and GST activity was calculated by using molar extinction coefficient i.e. 9.6 ×10 
hiStopatholoGy
According to Humason (1972) in both rat liver and kidney that administered with ACR, histological examinations were conducted. Briefly, collected brain tissues from both control and experimental rats were washed with physiological saline (0.9% NaCl) to remove blood and fat debris adheres to the brain. After fixation in 10% of formalin the tissues were allowed to process. In first step, the tissues were washed under running tap water to remove the fixative. In second step, the tissues were allowed for dehydration by a graded series of alcohol and the tissues were allowed to clear by using methyl benzoate and subjected to embed in paraffin wax. In third step, the tissue were subjected to cutting with 6 μ thickness and such sections allowed for staining with haematoxylin and eosin (H & E). In fourth step, the sections were mounted with Canada balsam and observed under light microscope.
StatiStiCal analySiS
All the data related to this study and their results were calculated from three experiments and presented as the mean ± standard deviation (SD). Student t-test was performed to identify the acrylamide treated liver and kidney samples differed from the mean for the respective vehicle controls. That the differences between the experimental groups at the level of P <0.05 were considered as significant.
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rESuLtS
CheMo-StreSS MarKerS
The non-enzymatic biomarkers like lipid peroxidation (LPO), NO in terms of total nitrite and glutathione (GSH) levels as shown in Table LPO levels were significantly increased (p˂0.05) to 6.35 fold and 4.91 fold, inboth liver and kidney respectively than control i.e. 3.18 fold and 2.63 fold respectively, and NO levels in terms of total nitrite were significantly increased (p˂0.05) to 9.21 fold and 6.34, in both liver and kidney respectively than control i.e. 4.97 fold and 3.76 fold respectively, at 27 th day post ingestion. But GSH levels were significantly decreased (p˂0.05) to 2.13 fold and 1.97 fold both in liver and kidney respectively than control i.e. 3.95 fold and 3.62 fold respectively, at 27 th post ingestion. With the substrate H 2 O 2 , GPx activity was significantly decreased (p˂0.05) to 2.79 fold and 2.25 fold both in liver and kidney respectively than control i.e. 4.62 fold and 4.19 fold respectively, and with the substrate CDNB the GST activity was significantly decreased (p˂0.05) to 3.85 fold and 3.63 fold both in liver and kidney respectively than control i.e. 5.93 fold and 5.37 fold respectively, at 27 th day post ingestion.
hiStopatholoGiCal StuDieS
We observed the control liverand kidney sections with normal hepatocyte nuclei, kupffer cells, sinusoids and central vein, and proximal tubules, distal tubules, bowman's space and glomerulus, respectively as shown in Figure 4 (A) and 5 (A). We observed the ACR induced histological changes in both liver kidney sections with enlarged sinusoid, fragmentation of hepatocyte nuclei, inflammation of Kupffer cells and spreading hepatic contents towards central vein, and tubular thyroidisation, inflammation in distal tubules, distorted glomerulus and proximal tubules fragmentation, respectively as shown in Figure 4 (B) and 5 (B) at 27 th day post ingestion. performs several functions including excretion of toxic metabolites and drugs (Ferguson et al., 2008) . ACR that induce oxidative stress through the production of reactive oxygen species (ROS) cause suppression of cellular defence system hence the cells are easily susceptible to oxidative attack through altering the membrane integrity and fatty acid composition (Lee and Jacobs, 2005) , mitochondria are the main target for the ACR (Zhao et al., 2015) . During the production of cellular energy by aerobic metabolism simultaneously produce excessive toxic oxygen intermediates in terms of reactive oxygen species (ROS) which threat to cellular homeostasis (Cadenas and Davies, 2000) , ROS are the main reason for the activation or deactivation of cellular signalling pathways while stress condition (Schieber and Chandel, 2014) . The anti ROS cellular defence that mediated by enzymatic and non-enzymatic system is necessary to maintain normal cellular function (Valko et al., 2007) , which necessary for the survival of organisms in stressful conditions (Vasseur and Leguille, 2004) . In the present study, as shown in Figure 1 , ACR was administered in alternative days in drinking water (50 mg/300ml) to rat and evaluate the modulation of the non-enzymatic and enzymatic chemo-stress markers in liver and kidneyas shown in Table 1 and Figure 2 & 3 and also observed the tissue derangements as shown in Figure 4 (B) and 5 (B). ACR can enter in to the body through cigarette smoke, food, occupation, breast milk,water etc., hence distribute the entire the body. The oxidative stress is a process for excessive production of reactive oxygen species (ROS)/reactive nitrogen species (RNS) and depletion of antioxidant system (Zhu et al., 2008) , imbalance between ROS/RNS and antioxidant system leads to apoptosis (Halliwell, 2006; Maiese et al., 2010) . Figure 5B: ACR administered rat kidney section shows that tubular thyroidisation, inflammation in distal tubules, distorted glomerulus and proximal tubules fragmentation (H & E stain) (40X).
The levels of lipid peroxidation products were extensively measured in biological fluids and tissues of humans (Dotan et al., 2004) . Lipid peroxidation cause changes the permeability and fluidity of the membrane lipid bilayer that can greatly alter the cell integrity (Dix and Aikens, 1993) . Gutteridge (1995) reported the thiobarbituric acid reactive substances (TBARS), ethane and pentane, lipid hydroperoxides and malondialdehyde (MDA) were used as marker
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October 2018 | Volume 6 | Issue 10 | Page 432 for the in vivo lipid peroxidation. In the present study, as shown in Table 1 and Figure 2 & 3, in ACR administered rat liver and kidney that LPO levels were significantly increased (p˂0.05) to 6.35 fold and 4.91 fold respectively than control i.e. 3.18 fold and 2.63 fold respectively, at 27 th day post ingestion. In this study, we measured TBARS as marker to assess lipid peroxidation as stated by Gutteridge (1995) .
Endothelial cells, platelets, neutrophils and neurons are release NO in response to homeostatic and pathologic stimuli (Ferrario et al., 1994) . The NO is produced from inducible nitric oxide synthase (iNOS) that is apparently very important in host defence and chronic inflammatory response (Nussler and Billiar, 1993) . In the present study, as shown in Table 1 and Figure 2 & 3, in liver and kidney the NO level in terms of total nitrite has significantly increased (p˂0.05) to 9.21 fold and 6.34 respectively than control i.e. 4.97 fold and 3.76 fold respectively, at 27 th day post ingestion. The administration of high dose ACR (50 mg/kg bwt) has enhanced the NO production in terms of total nitrite (NO 2 -) in rat liver (Otzuran-Ozer et al., 2014) and we observed that similar result in ACR administered rat liver and kidney.
GSH is abundant in cells of all organs and involved in antioxidant reactions in two ways, non-enzymatically can it react with ROS like O 2-and .
OH
-to be remove (Gandhi and Abramov, 2012) . In this study, in both liver and kidney as shown in Table 1 and Figure 2 & 3, GSH levels were significantly decreased (p˂0.05) to 2.13 fold and 1.97 fold respectively than control i.e. 3.95 fold and 3.62 fold respectively, at 27 th day post ingestion. In ACR administered rat the lipid peroxidation levels are increased and GSH levels are decreased (Mehhri et al., 2015) . Both the TBARS levels and GST activity levels were increased in plasma, testes, kidney and brain,but GSH levels were decreased in carpus striatum of rat when treated with ACR (Yousef and El-Demerdash, 2006) . As shown in Table 1 and Fig. 2 , in this study, we observed the similar result in case LPO and GSH as stated by Mehhri et al. (2015) and Yousef and El-Demerdash (2006) .
GSTs specific activity with the substrate CHP is the presence of peroxidase activity that is associated with GST (Dasari et al., 2018b) , low level activity of GPx is associated with higher levels of ROS and cellular damage (Chatziagyriou and Dailianis, 2010) . Both the peroxidase system and thiol (GSH) status impairment lead to lower rate of peroxidase activity that affects the immune cells and lower survive rate of animal when exposed to a pro-oxidant (Trevisan et al., 2014) . In the present study, as shown in Table  1 and Figure 2 & 3, in both liver and kidney the GPx activity with the substrate CHP was significantly decreased (p˂0.05) to 2.79 fold and 2.25 fold, respectively than compared to control i.e. 4.62 fold and 4.19 fold respectively, at 27 th day post ingestion. In this study, we observed that similar result as stated by Chatziagyriou and Dailianis (2010) , Trevisan et al. (2014) in ACR administered rat.
Usually, GST catalyse the nucleophilic addition of GSH with exogenous (e.g., environmental pollutants and carcinogens) and endogenous (e.g., oxidative stress products) toxic agents which have electrophilic functional groups, hence neutralized, more water soluble compounds are formed and they finally removed from the cell (Coleman et al., 1997) . GST activity assay is very important to develop the efficient therapeutics and screening of new anticancer drugs. GST is protecting the cells through detoxification from reactive electrophiles which reduce cells metabolizing ability (Di Pietro et al., 2010) . GST polymorphism which increase the defencelessness of the organisms to various xenobitics (Dasari et al., 2018c) . The substrate CDNB is the efficient probe for GST activity (Habig et al., 1974) . GSTs detoxify that the wide range hazardous substances through transferase activity and GST associated peroxidase activity (Dasari et al., 2017b) . In this study, in both liver and kidney as shown in Table 1 and Figure 2 & 3, with the substrate CDNB the GST activity was significantly decreased (p˂0.05) to 3.85 fold and 3.63 fold respectively than control i.e. 5.93 fold and 5.37 fold respectively at 27 th day post ingestion. In this study, we observed the similar result as stated by Habig et al. (1974) and Dasari et al. (2017b) .
In the present study, ACR administered rat liver and kidney histological changes such as enlarged sinusoid, fragmentation of hepatocyte nuclei, inflammation of Kupffer cells and spreading hepatic contents towards central vein, and tubular thyroidisation, inflammation in distal tubules, distorted glomerulus and proximal tubules fragmentation were observed on 27 th day post ingestion as shown in Figure 4 (B) and 5 (B) when compared to control i.e. Figure 4 (A) and 5 (A). Liver degenerative changes like nodular regenerative hyperplasia, perisinusoidal fibrosis, hepatoportal sclerosis and incomplete septal cirrhosis are caused by several factors that include xenobiotic (Hillaire et al., 2002) . In kidney, mainly proximal tubule cells are exposed to drugs hence they greatly influenced by toxicity of drugs during the process of concentration and reabsorption through the glomerulus (Perazella, 2005) . ACR induced stress enhance ROS that increase lipid peroxidation and oxidation of fatty acids therefore produced lipid peroxyl radicals and lipid hydroxides (Al-Serwia and Ghoneim, 2015) , lipid peroxyl radicals are converted as malondialdehyde (MDA) that is a marker for oxidative damage of proteins and lipoproteins, and it is a possible reason for liver injury (Ayala et al., 2014) , GSH levels were decreased in ACR treated liver (Park et al., 2002) , the large dose of ACR leads to the degeneration and necrosis of hepatic paramchyma in rat (AL Mosaibih, 2013) . ACR induced
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October 2018 | Volume 6 | Issue 10 | Page 433 nephrotoxicity which may be related to the generation of free radicals, redox state imbalance, the marked oxidation of membrane lipids and proteins leading to the loss of kidney membrane integrity (Ghorbel et al., 2017) . That the nephrotoxicity induced by drug is associated with acute renal damage and chronic kidney diseases (Kim and Moon, 2012) . In this study, we observed the similar degenerative changes in rat liver and kidney that administered by ACR.
cOncLuSIOn
In this study, we observed that the increase of lipid peroxidation and NO levels, and depletion of GSH. Also decrease the GPx and GST enzyme activities and degenerative changes at histological level. The observations suggesting, in rat ACR has induced non-enzymatic and enzymatic perturbations in the cell as well as degeneration of tissue. In conclusion, the ACR in drinking water as well as in aquatic environment cause the serious physiological complications and tissue damage in organisms
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